Methotrexate (MTX), a folic acid antagonist, has been used for several decades in the management of various chronic inflammatory diseases, including rheumatoid arthritis (RA) and psoriasis. However, long-term administration of MTX is associated with an increased risk of liver damage (Richard et al., 2000) . Histological abnormalities include nonspecific pathologies such as fatty liver changes, focal liver cell necrosis, portal tract inflammation, and a more specific fibrosis associated with collagen accumulation (Richard et al., 2000) . Approximately 3% of RA patients on low-dose MTX develop severe liver fibrosis (Beyeler et al., 1997; Whiting-O'Keefe et al., 1991) . On the other hand, psoriatic patients have a much more substantial risk for MTX-induced liver fibrosis, with reported incidences ranging from 8 to 23%, leading to recommendations for assessment of liver damage after every 1.5 g of total intake (Boffa et al., 1995; Kremer, 2002; Malatjalian et al., 1996; Whiting-O'Keefe et al., 1991) . The cause for increased risk of liver fibrosis in psoriatics is unknown.
Several possible phenomena contribute to differential susceptibility for liver fibrosis. It is possible that there may be interindividual difference in MTX metabolism that affect MTX accumulation and toxicity . Alternatively, exposure to MTX may produce a comparable acute toxicity in patients, but individual response may not be uniform, resulting, e.g., in variable inflammation. These mechanisms may be further aggravated by additional factors such as alcohol intake. Identification of the cellular changes leading to fibrosis may help predict risk or presence of fibrosis. Underlying mechanisms that contribute to MTX-induced liver damage are incompletely understood. It is possible that MTX-induced hepatocyte cell death leads to macrophage stimulation, hepatic stellate cell activation, and subsequent excretion of extracellular matrix (for review see Friedman 2004) . Differentiation of hepatic stellate cells into myofibroblasts strongly correlates with fibrosis observed in human livers and in animal models (Levy et al., 2002; Lewindon et al., 2002; Nakatsukasa et al., 1990; Roderfeld et al., 2006; Takahara et al., 1988) . In the rat, chronic exposure to MTX has been shown to result in hepatocyte necrosis, cell death, and Kupffer cell enlargement . How these effects result in mild fibrosis in some patients and severe fibrosis in others is unknown.
Whatever the cause of fibrosis, diagnosing its presence is essential. Importantly, the risk for development of liver disease is not often predicted with the use of standard liver enzymes (Richard et al., 2000) , and thus, patients receiving MTX must be monitored routinely by examination of liver biopsies. Potential alternatives to biopsy have been proposed but have not been validated for MTX-induced fibrosis (Cales et al., 2005; Chalmers et al., 2005; Imbert-Bismut et al., 2004; Maurice et al., 2005; Rossi et al., 2003) .
In the following study, we have examined transcriptional profiles in human liver biopsy specimens obtained from patients who have been treated for varying lengths of time with MTX. We hypothesized that MTX-related fibrosis may elicit a specific hepatic gene expression profile. Such changes may provide a better understanding of the genes involved in the development of liver damage as a result of MTX treatment. Furthermore, if gene targets can be identified that encode secreted proteins, the information may serve as the basis for development of a blood test for MTX-related fibrosis. In this report, we have performed global transcriptional analyses on liver biopsies from MTX-treated patients in part to assess the value of this approach. In the data reported here, we have identified and validated several genes the expression of which are associated with either chronic or acute MTX exposures.
MATERIALS AND METHODS
Patient population and MTX treatment. Prior to biopsy, all patients consented to participate in the study in accordance with University of Connecticut Health Center (UCHC) Institutional Review Board policies and procedures. Age, sex, cumulative MTX dose, number of years on therapy, and comorbidity information were determined. In addition, whenever possible, patients were requested to take their dose of MTX at a specified time (2 h) prior to liver biopsy.
Procurement and handling of liver biopsy specimens. Liver biopsy specimens were obtained from patients with rheumatic disease or psoriasis at the UCHC John Dempsey Hospital (JDH). Immediately following biopsy, the core was ejected into a culture dish containing 2 ml of 25°C saline. If sufficient tissue was present, a portion of the specimen was removed and snap-frozen in liquid nitrogen, stored at ÿ 80°C, and then processed for RNA extraction as described below. Biopsies were 0.5-1.5 cm long with a diameter of 1.4 mm. Unfrozen tissue was formalin fixed, paraffin embedded, and sectioned for routine pathological examination conducted by board-certified pathologists at JDH. Total RNA from normal human livers was obtained from Ambion (Austin, TX), Clontech (Mountain View, CA), and Biochain (Hayward, CA). The normal group of livers consisted of one female and nine males ranging in age from 24 to 70 years.
Pathologic criteria for assessment of liver damage. Grade I encompassed normal liver histology, including the presence of mild lobular hepatitis, mild focal fatty metamorphosis, and areas of Kupffer cell hyperplasia without increased portal, pericellular, or central fibrosis (Roenigk et al., 1982) . Grade II pathology required the presence of fibrous spurs in portal area, patchy areas of fibrosis within the space of Disse, or occasional thickened liver cords, but without fibrotic septa extending into the lobule. Kupffer cell hyperplasia, mild to moderate steatohepatitis, and spotty hepatocellular necrosis may also be present to a varying extent. Grade IIIA liver pathology was represented by mild portal fibrosis, with fibrotic septa extending into the lobule, but without bridging. Grade IIIB represented spotty necrosis or moderate-to-severe septal fibrosis with portal-to-portal or portal-to-central vein bridging. Grade IV cirrhosis was defined by bridging with regenerating nodules.
RNA isolation, amplification, and hybridization. Total RNA and protein from liver core specimens were extracted using Trizol reagent (Invitrogen, Carlsbad, CA). All RNA samples were subjected to electrophoresis, and recovery was assessed by evaluation of intact 28s and 18s ribosomal RNA bands. Only samples with prominent 28s and 18s ribosomal RNA were used. T7-based RNA amplification (RiboAmpTM RNA amplification kit, Molecular Devices [formerly Arcturus], Sunnyvale, CA) (Baugh et al., 2001 ) was used to generate adequate amounts of antisense RNA according to the manufacturer's protocol with the following modifications. During in vitro transcription, 25mM ATP, CTP, and GTP with 12.5mM UTP and 12.5mM aminoallyl-UTP were Statistical, functional, and pathway analyses. Regulated genes were identified using the significance analyzer function in Genesight (Biodiscovery) and significance analysis of microarrays (Tusher et al., 2001) . Differentially expressed genes were also identified using a random-variance model-based ttest (Wright and Simon, 2003) . The most significantly regulated genes appeared using all three methods (data not shown). The p values generated by the Genesight Student's t-test (ST) were used to rank genes, and those most significantly different among partitions were chosen for further investigation. Genes with p values greater than 0.05 using the Bonferroni correction were not investigated unless part of a functional group of regulated genes. Cluster analysis was performed in Genesight with a K-means algorithm using a euclidian distance metric. Gene Ontology analysis was performed using the BioScript Library tool on GeneSpring (Agilent, Santa Clara, CA) with application of the Bonferroni correction. Genes were classified according to their annotated role in biological processes and molecular function from Gene Ontology (The Gene Ontology Consortium). Correlation of cumulative dose with gene expression was accomplished by calculating the Pearson productmoment correlation coefficient for each gene.
Pathway analysis was performed using Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Redwood City, CA). Genes with uncorrected p values (using Genesight Significance Analyzer) of 0.05 or less were used as genes available for inclusion into functional groups for this nonstringent analysis. Global functional analysis and global canonical pathways were performed using the genes on the array as a reference, and p values for functional groups were calculated using a right-tailed Fisher Exact Test (FET) as indicated in the text.
Real-time PCR. Validation of changes identified by the microarrays was accomplished by real-time PCR (qPCR) on unamplified RNA. A 1:1 ratio of oligo-dT and random primers was used with 0.5 lg of total RNA and reverse transcribed with Superscript II (Invitrogen) according to the manufacturer's protocol. An ABI 7500 real-time machine was used to perform qPCR with iTaq SYBR Green (Biorad, Hercules, CA). All reactions were routinely performed in duplicate. Sufficient sample template was added to obtain a C t value of less than 32. PCR was performed for 40 cycles followed by a disassociation step to verify the amplicon. A standard curve was generated (total RNA input vs. C t ) from serially diluted samples represented on the same plate. Array data were used to select the housekeeping gene, cyclophilin A (PPIA) (Blanquicett et al., 2002) , a selection based on its low variability and high expression in all samples (data not shown). PPIA primers are as follows: F-5#CCACCAGATCATTCC-TTCTG3#, R-5#AGGAAAACATGGAACCCAAA3#. Ratios to PPIA were taken and, where appropriate, ST applied to compare means. Table 4 lists all primer sets used for qPCRs.
RESULTS

Patient Information and Liver Pathology
A total of 27 patients were accrued for this study (Table 1) , representing 18 psoriatic and 9 nonpsoriatic patients. One patient provided multiple biopsies over a 3-year period. As described in Table 1 , liver pathology ranged from Roenigk Grade I (n ¼ 12), Grade II (n ¼ 14), or Grade III (n ¼ 3). Exposure to MTX occurred for a minimum of 2 to a maximum of 17 years. Cumulative dose of MTX ranged from 1.5 to 12.6 g. Patients displayed various rheumatic diseases, including psoriasis, lupus, RA, psoriatic arthritis, UDCTD/CREST (undifferentiated connective tissue disease/calcinosis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia), polymyositis, or Sjogren's syndrome (Table 1) .
Partition by MTX Exposure/Rheumatic Disease
In the following analysis, samples were partitioned into two groups, MTX exposed and nonexposed. Twenty-nine MTXexposed samples were compared to 10 control samples.
Functional pathway analysis using IPA identified two obvious trends occurring within the livers of MTX-treated individuals. The first was an upregulation in 35 of 42 fatty acid modification genes (Table 2 , p ¼ 0.000079, FET). Similarly, canonical pathway analysis showed elevations in genes associated with fatty acid elongation in mitochondria (Table 2 , p ¼ 0.0055, FET, see supplementary Fig. 1 for pathway  diagram) . Pathology reports indicated that at least 70% of biopsy samples displayed the fatty metamorphosis commonly associated with MTX hepatotoxicity (Fig. 1) . The elevation of an acyltransferase in MTX-exposed livers, AGPAT3, which The second trend observed with pathway analysis was downregulation of genes involved in monocyte/T lymphocyte activation and movement, with 19 of 23 genes decreased in expression (Table 3) , suggesting suppression of immune response. When expression was compared to fibrosis by Pearson correlation, CCL4 and IL8RB were weakly correlated to fibrosis, mostly due to higher values in samples unexposed to MTX (Fig. 2) . However, several important mediators of inflammation, including complement factors C3, C5, and C8a, were elevated (Table 3) , consistent with activation of the alternative complement pathway in patients exposed to MTX. In general, there was high variability in mRNA expression of complement, differing by as much as 20-fold between patients (Fig. 2) .
We examined genes not associated with canonical pathways. Using gene-by-gene ST, 205 genes were identified with corrected p values less than 0.05 when livers from MTX-exposed individuals were compared to unexposed livers (supplementary Table 1 ). A heat map of the top 17 regulated genes (based on p values) is shown in Figure 3 , displaying correct segregation into MTX-exposed and unexposed after clustering. Mutations in two of these MTXupregulated genes, ceroid lipofuscinosis neuronal 8 (NM_018941), and ankylosing spondylitis homolog (ANK; NM_054027), have been associated with disease (McKee et al., 2004; Santavuori, 1988) . Mutations in ANK are also associated with rheumatic disease in mice (Ho et al., 2000) . The expression levels of these two genes were further validated by qPCR (Table 4) .
Several other notable genes altered in MTX-exposed samples were identified by ontology analysis (supplementary Table 3 ). Cytosolic sulfotransferase 2A (HST), a member of the organic acid catabolism group, is a phase II drug-metabolizing enzyme that is involved in bile acid sulfation (Comer et al., 1993; Falany et al., 1995) and was found to be elevated~2.3-fold in MTX-exposed livers. dehydroepiandrosterone sulfotransferase activity has already been reported upregulated in Hep G2 cells exposed to MTX (Chen et al., 2005) . CYP4AH1 was~1.8-fold higher in the livers of MTXexposed patients. Cyp4a proteins have been shown to be upregulated in mouse steatohepatitis but little is known about CYPAH1 (Deng et al., 2005; Li et al., 2004) . We also found lower expression of two transcripts encoding the extracellular proteins, undulin and mucin 5. Circulating undulin has been proposed as a marker of liver fibrosis (Schuppan, 1991) . However, our data do not support the use of elevated undulin as a marker of MTX-induced liver damage.
Partition by Acute versus Nonacute MTX Exposures
Patients were separated by those biopsied within 20 h of taking MTX (n ¼ 12) versus those who had not received MTX for at least 4 days (n ¼ 12). When genes were analyzed on a gene-by-gene basis, only S100A11 (calcium-binding protein, calgizzarin; NM_005620) was found to be significantly downregulated by 1.8-fold following acute MTX exposure. Regardless of the timing of MTX exposure, unexposed livers had higher S100A11 expression levels (1.7-fold difference) compared to controls. As shown in Table 4 , changes in S100A11 mRNA levels were validated by qPCR.
Pathway analysis showed highly significant downregulation of immune response genes in liver samples exposed to MTX within 20 h (Table 4 ). Complement and lipid synthesis genes, however, were not significantly different in the acute/subacute partition (Table 5) .
Partition by Psoriatic versus Nonpsoriatic
Pathway analysis was done on all samples, comparing samples from psoriatics (high risk for fibrosis) to samples from patients without psoriasis (low risk). The complement pathway was the most significantly regulated canonical pathway (Fig. 4 , p ¼ 0.00026, FET) and found to be elevated in psoriatics. Mean fold changes for many of the genes are small. However, individual variability in complement genes is high (Fig. 2) , resulting in some patients with much higher fold changes. In this comparison, both MTX-exposed and nonexposed samples occur in the nonpsoriatic group, suggesting that the general elevation in the complement pathway is associated with the presence of psoriasis, not exposure to MTX.
Other Partitions
Sex differences were used as a means to provide internal validation of the data. This approach has been used successfully in previous gene expression arrays studies (Whitney et al., 2003) . Patients were partitioned by sex, and gene-by-gene STs done. Genes were ranked by p value, and the number of sex-linked genes examined. As shown in Figure 5 , eight of the top 10 genes on this list were located on the sex chromosomes. A heat map of the 15 most regulated genes allowed samples to be clustered by sex (Fig. 5) . The conservative Bonferroni correction for multiple testing indicates a p value of 2.34 3 10 ÿ6 as the cutoff for significance at the 0.05 level. Eleven of the genes on this list meet this cutoff and the top six genes had p values that were 10 orders of magnitude less than 2.3 3 10 ÿ6 (Fig. 5) , showing a robust discovery of genes regulated by sex in human liver. Seven of these transcripts (supplementary Table  4 ) have previously been reported to differ among men and women (Radich et al., 2004; Rinn et al., 2004; Whitney et al., 2003) . One sex-linked gene, SMCY homolog (NM_004653), is excluded by the Bonferroni correction and thus may be an example of a type II error. Several nonsex-linked genes were within the significance range, suggesting that type I errors will be commonly seen at p values greater than 3 3 10 ÿ7 when ST is used on individual genes.
Other partitions of the data failed to identify changes in gene expression. For example, comparison of patients with Grade I to Grade II fibrosis resulted in no genes with corrected p values less than 0.05, and mRNA expression profiles were unable to predict grade of fibrosis (data not shown). Patients were also partitioned by age, resulting in no significantly correlating genes identified, suggesting that age is not a strong confounding factor. When the effect of cumulative dose of MTX was compared to individual mRNA expression by correlation analysis, one gene, ENAH (NM_018212), was identified with a Pearson coefficient greater to or equal to |0.8|. ENAH encodes a cytoskeleton regulatory protein (Barzik et al., 2005; Gertler et al., 1996) that was positively correlated with cumulative dose of MTX (supplementary Fig. 2 ). Because we are unable to assign a confidence value to this result, an independent validation for this gene is required.
DISCUSSION
While the majority of patients exposed to MTX develop only mild fibrosis, others progress to more severe disease. Our objective in this study was to compare unexposed and exposed samples from different patients in order to discover common changes that might be responsible for this variation. We recognize that gene expression variability among patients is a limiting factor for this study and that the variability may relate to risk. Also, the cause of transcript-level differences between patients unexposed and exposed to MTX may have been due to MTX, or the presence of rheumatic disease.
As shown in Table 2 , 35 genes involved in fatty acid synthesis were upregulated in the MTX-exposed samples, consistent with frequent steatosis associated with MTX exposure. Fatty metamorphosis is a hallmark of MTX-induced hepatotoxicity, but unlike advanced fibrosis, the finding of steatosis in biopsies does not require cessation of MTX therapy. We conclude that in early MTX-induced liver disease in humans, gene expression related to fatty change was present but gene expression related to fibrotic change was difficult to detect. Although many of the fold changes are small in the genes used for IPA, they may still be significant. Cell type heterogeneity in liver tissue may cause dilution of fold change when total liver RNA is extracted as done for this study.
Pathway analysis also showed a group of 12 chemokines downregulated by MTX exposure (Table 3) , consistent with the general anti-inflammatory effects of MTX. Downregulation of chemokine CCL4 (macrophage inflammatory protein-1b) in livers from patients chronically exposed to MTX was surprising as patients with liver disease have been reported to have high serum levels of CCL4 (Leifeld et al., 2003) . However, in those cases increased serum CCL4 was associated with fulminant hepatic failure and uremia, severe conditions not present in our study (Leifeld et al., 2003; Pawlak et al., 2004) . Because CCL4 can be detected in serum, further research is needed to determine if CCL4 can be used to distinguish between mild and severe fibrosis.
Our data show that MTX-induced liver inflammation may be mediated by the complement pathway because C3, C5, and C8a 
87Z
Note. Genes in each category and fold changes can be found in supplementary Table 2 ; ns, not significant. a Number of genes either up-or downregulated, as percent of total.
Overlap of genes occurs in these groups.
METHOTREXATE ASSOCIATED CHANGES IN LIVER
were found elevated in MTX-exposed samples (Fig. 2) . If complement proteins are cleaved in the liver, localized inflammation may result. Complement is produced by hepatocytes in high amounts and secreted into blood. Activation of the complement pathway results in a cascade of enzymatic events producing amplification of response. Thus, the pathway must be tightly controlled (see Qin and Gao for review; Qin and Gao, 2006) . Complement pathway activation results in neutrophil chemotaxis, leukocyte stimulation, cell lysis, and phagocytosis. We compared patients who took MTX shortly (within 20 h) before biopsy with those who had not taken MTX for 4 days. Functional pathway analysis indicated a more significant downregulation of immune response genes in acute MTX exposure than the downregulation seen in MTX-exposed versus never-exposed controls (Table 5 ). This suggests that MTX was responsible for the downregulation rather than the underlying disease/genetic factors. Complement genes, however, were found to be most significantly regulated when patients were grouped by risk of fibrosis (Fig. 4) , suggesting that expression differences may be attributed to disease/genetic factors.
At least two genes identified in the current study are already known to be associated with disease, CLN8 and ANKH. It remains to be determined if the RNA levels of these genes are modulated by MTX, rheumatic disease, or actually contribute to rheumatic disease phenotype. CLN8, found elevated in MTX-exposed samples, is expressed in a variety of tissues, as well as liver (Lonka et al., 2005) . Mutation of CLN8 can cause neuronal ceroid lipofuscinosis, an autosomal recessive neurodegenerative disease (Weimer et al., 2002) . A truncating mutation in mouse Cln8 resulted in a model for these diseases, characterized at the cellular level by accumulation of autofluorescent storage bodies in a variety of cells including liver (Faust et al., 1994) . Ceroid lipofuscinosis has also been found associated with alcoholic liver fibrosis (Kishi et al., 1996) .
Ankylosing spondylitis is a rheumatic disease associated with the ANKH gene in human and the mouse homolog Ank (Ho et al., 2000; Pendleton et al., 2002) . ANK protein is involved in cellular export of inorganic pyrophosphate (PPi), a potent inhibitor of calcification (Fleisch et al., 1965) . Disruption of ANKH potentiated calcification of cartilage and thus increased the risk for spondylarthropy. The liver releases a substantial portion of circulating PPi (Rachow and Ryan, 1988) . Our data indicated that ANKH is elevated in MTX-exposed liver (Table 4) . Although further validation at the protein level is needed, the identification of this gene associated with MTX exposure may lead to a better understanding of the normal function of ANKH in liver. Further investigation is needed to determine if ANKH exports PPi generated by triacylglycerol synthesis and whether increased circulating PPi through upregulation of ANKH contributes to the antiarthritic effect of MTX.
The downregulation of calgizzarin, a calcium-binding protein, in patients with recent MTX exposure, indicates that calgizzarin regulation may be affected by MTX exposure independent of the underlying inflammatory disease. Calgizzarin is one of several proteins that has been found to be upregulated in rat liver by chronic MTX exposure, suggesting a prominent role in fibrosis (Kristensen et al., 2000) . None of the genes usually associated with fibrosis, such as ACTA2 or TGFb, were found upregulated when partitioning between acute and nonacute exposure, suggesting that 2-20 h of in vivo exposure to MTX is insufficient time for upregulation of these genes.
Several investigators have conducted single-nucleotide polymorphism (SNP) profiling on genes in the MTX pathway, such as methylenetetrahydrofolate reductase, reduced folate carrier, or thymidylate synthase, and have found association of specific alleles with efficacy of MTX in RA (Dervieux et al., 2004; Hughes et al., 2006; Urano et al., 2002; Wessels et al., 2006) . Unfortunately, these studies did not compare grade of fibrosis with allele frequencies, so the possibility of genetic predisposition to fibrosis remains unclear. Although little effort has been made in discovering genes responsible for differential susceptibility to MTX-induced liver fibrosis, loci associated with the underlying inflammatory disease necessitating the use of MTX have been well characterized. Linkage studies have demonstrated a strong association of HLA-DRB1 with RA (Deighton et al., 1989; Wordsworth and Bell, 1991) . The HLA locus (6p21) is estimated to account for approximately 40% of the genetic component of RA heritability (MacGregor et al., 2000) . Other non-HLA loci may also contribute to RA susceptibility (Jawaheer et al., 2003; John et al., 2006) . The individual genes at non-HLA loci responsible for risk have not been identified. In fact, Risch and Merkangas (1996) have calculated that depending on allele frequency, hundreds to thousands of affected sibling pairs are required to detect loci associated with modest genetic risk. As a possible companion strategy to large linkage studies, global transcript expression analysis may help identify the responsible genes in loci associated with rheumatic disease.
We investigated whether any of the genes identified by expression analysis appear near loci linked to RA. CLN8 is located at 8p23, in a region with possible linkage to RA (John et al., 2006) . The microsatellite marker D8S277 used in the screen for this region is 4.8 Mb away from CLN8. This proximity warrants consideration of CLN8 as a candidate gene for 8p23. ANKH, located at 5p15.1, may also be close enough (5.5 Mb) to a possible linked locus at 5p15.31 for investigation (Jawaheer et al., 2003) . We believe it is unlikely these two genes are associated with regions identified in linkage analysis purely by random chance, and the data suggest that modified expression of these two genes may be due to the presence of rheumatic disease, not MTX exposure. Alleles of ANKH associated with ankylosing spondylitis have already been proposed (McKee et al., 2004; Tsui et al., 2003) , and our data provide support for its involvement in generalized rheumatic disease. We believe SNP analysis for CLN8 and ANKH done on families with RA would be interesting. Given the 10-cM resolution used in the large linkage studies done for RA and the modest genetic relative risks for non-HLA-associated loci, mRNA expression analysis may be a useful method for identifying genes conferring risk to rheumatic disease.
Our results indicate that with a relatively small number of heterogeneous samples, genes regulated by the presence of rheumatic disease or MTX exposure can be identified. No significant association was found between fibrotic grade and gene expression. This study was limited by the number of Grade III liver samples available. Therefore, inclusion of greater numbers of Grade III patients is needed to identify Genes associated with lipid metabolism were found upregulated in samples with MTX exposure, consistent with fatty metamorphosis commonly seen in these patients. We found higher expression of complement genes in MTX-exposed samples consistent with a previous report by Hillebrandt et al. (2005) on hepatitis C virus-induced fibrosis, which raises the possibility that C5 alleles may be predictive for MTX-induced fibrosis. We also found differences in various individual genes with unclear toxicological relevance. Further investigation is needed at the protein level to assess complement binding in liver, validate CLN8 and ANKH as regulated by rheumatic disease or MTX exposure, and, if so, whether alleles influence expression and confer differential susceptibility to rheumatic disease. Studies using larger array platforms and a more homogenous patient population are warranted to identify additional regulated genes.
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